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LUMOS & HDI: TWO COR
WORKHORSE INSTRUMENTS FOR
LUVOIR




I1I. Astronomical Research with a
Large Reflecting Telescope

The ultimate objective in the instrumentation of an astronomical
satellite would be the provision of a large reflecting telescope, equipped
with the various measuring devices necessary for different phases of
astronomical research. Telescopes on earth have already reached the limit
imposed by the irregular fluctuations in atmospheric refraction, giving rise
to "bad seeing”. It is doubtful whether a telescope larger than 200 inches

HISTORICAL POINT would offer any appreciable advantage over the 200 inch instrument.
Moreover, problems of flexure become very serious in mounting so large
an instrument. Both of these limitations disappear in a satellite observatory,

N O M AT T E R and the only limitations on size seem to be the practical ones associated
with sending the equipment aloft.
WHAT YOU COME
While a large reflecting satellite telescope (possibly 200 to 600
U P W | T H P LY M A N inches in diameter) is some years in the future, it is of interest to explore

the possibilities of such an instrument. It would in the first place always

S P | T Z E R A I_ R E A D Y have the same resolving power, undisturbed by the terrestrial atmosphere.

If the figuring of the mirror could be sufficiently accurate, its resolving
T H O U G H T O F | T power would be enormous, and would make it possible to separate two
objects only .01" of arc apart (for a mirror 450 inches in diameter); an
object on Mars a mile in radius could be clearly recorded at closest
opposition while on the moon an object 50 feet across could be detected
with visible radiation. This is at least ten times better than the typical
performance of the best terrestrial telescopes. Moreover, in ultra-violet
light the theoretical resolving power would of course be considerably
greater; ideally an object 10 feet across could be distinguished on the moon

Spitzer, 1946




Large UV/O‘EtII:. lnir.lr-a_l . veyor ,
A Space Te/escope Concept in the Trad/t/on of HST

Broad science capabilities: “From the Big Bang to
Biosignatures”

FUV to Near-IR bandpass
Two architectures under consideration: 9.2 and 14.5 m
Suite of imagers & spectrographs

Serviceable & upgradeable



OTHER LUVOIR INSTRUMENTATION

Coronagraph (Lead: Laurent Pueyo)

ONIRS: Visible to Near-IR spectrograph (Lead:
Courtney Dressing)

CNES-led investigation of a UV spectropolarimeter
(Contact: Marc Ferrari)




LUVOIR AT AAS229 (#LUVOIR229)

NASA booth (W, Th, F)

Hyperwall talks (W, Th,F)

Hands-on splinter session, (W 2:00-3:30)
Decadal Studies Special Session (S 10:00-11:30)

LUVOIR ETC tools on the touchscreen at the STScl
booth (W, Th,F)
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LUVOIR Ultraviolet Multi-Object Spectrograph
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LUMOS Insfrument Requirements
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Temporal ResOIution:'
Target: 1 msec

(Stretch: 0.1 msec)
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LUMOS Ins,’rrum,en’rRequiremen’rs
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100 — 350 nm
EUVE2 W f|ITers |
GALEX-FUV, 1!50—1 \
~5 N filters, A)LE

- NUV: 3 W filters,
- GALEX-NUV, F225WiE2
4 N filters, A\ ~ 15‘\nm
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LUMOS Ins’rrum_en’r Requirements
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Angular Resolution d':m_ S mode

W

Target: 50 mas+ &8 =
(Siretch 30 ’,}’\"’
Heritage [TR L: Design ’re‘c based on

HST UV S@Trogrophs F Al r’lborbl’rol instrument
designs and componen’r V€ -”-Q/ﬁ ; NASA APRA and
SAT programs (e.g., J. Valk &rg ('9 Slegmund K. France,
S. McCandliss, B. Fleming, ;.a, szcd, M. Quijada, and

others)

LUMOS IDL a8GSFC in May



LUMOS = Desl an ”ﬁ(\’\m
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LUMQS - Performance W
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LUMQOS — Peerrmqnce m\mf;

LUMOS Simulation
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LUMQOS - Performance
Comparison with HST-STIS

‘ Instrument STIS G140M

Parameter

Speciral 10,000
Resolving Power

Total Speciral NRENERVL(

Bandpass A

Spectral 50 A
Bandpass per
Exposure

Number of
Exposures to
Cover Spectral
Bandpass

Imaging Field- [\Wib @18
of-View

Spectrograph V54
Throughput

LUMOS FUV

(Imaging Modes)

8,000 - 50,000
(NUV: 20k - 40k)

1000 - 2000 A

(NUV: 2000 - 4000 A)
450 — 1000 A

(NUV: 1600 A)

1 (Low Res)

3 (Med Res)
(NUV: 1-2)

~120" x 120”
(OTA-dependent)
10.5%

ﬁ\) MOS



LUMOS - Exposure Time Calculator
(Jason Tumlinson, see LUMOS Hands-on

Meeting on Thursday Jan 04, 2pm)

X

-

. 5
B & %% A% 220th Meeting of the Amer... ¥ = & HLTau ALMA image beam... % [ Author Query Results % | ) Bokeh Application

Jjt-astro.science HL Tau ALMA image beam size

(2) Most Visited (@ HST Program Status [@> Travel Forms sl International Astrono... | [ CU_ExoAstro-ph @ LUVOIR Events & LUVOIR_STDT

LUMOS: LUVOIR Multi-Object Spectrograph
Back to Main Page

2.000e-15
Template Spectrum 1
P P = Source Flux

Classical T Tauri : Background

Redshift: 0

Magnitude [AB]:
22

5.000e-16

™

0.000e+0 5 T T T T T T T t
1520
Wavelength

Grating / Setting 1 S/N per resel
G150M (R = 30,000)

Aperture (meters):
12

Exposure Time [hr]:
1.6

S/N per resel

http://www jt-astro.science/luvoir_simtools/spec._etc.him




LUMOS Concept of Operations W

What con we do with kgvc;m %UMOSZ

- .. @@bservations during
LE (HDI

1 Spec’rroscoplc follow-
L up observations of low/
V' intermediate redshift

- galaxies and CGM/

- IGM




LUMOS ConOps W

What can'we do with LUVOIR ;%UMOS? o
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LUMOS ConOps

What can we do with L%L\/OIR+LU MOS”?

-

el “
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2% o e

-, O” spectral imaging
across full FOV)




LUMOS COnOpS W

What can we do wiTh LLJ_\/Q.IR;.{’LUMOS’? -
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'_; spec’rrol imaging

| $§ most of FOV

4 | o - (0.08%-1.0" spectral imaging
2 across full FOV)




LUMOS CQnOpS ”umo

What can we do with LL_.J;\/Q‘IR-A;LUMOS_? L

Arcseconds

1000 1100 1200 1300 1400 1500 1600 1700
~ Wavelength (A)

> 1000~ 2000 A spectroscopy
v . of hun@f€@isef objects simultaneously.

5 - 4.8 - aa b ;;z s
. : E
« % - IBackground quasars, NnUmMerous

galactic regions, circumgalactic halo



igh dyn-range MCP o
LUMOS Technology Developménf - -

Current Laboratory/ Flight Programs

1) CHESS (CU) hlghﬁyﬁdmc M
MCPs (X-strip) _ﬁj“ﬁelle gro’rmgs’
deformable ror
recordlng L R

) FORTIS (JHU): protolype MS

DEUCE (CU): rcr-,,_r' '

photon-counting detect

(200mm x 200mm)

4) SISTINE (CU): Advanced
poc’rmgs large format igh
resolution MCPs, high ani :

and spectral res UV spedifogr :
design e

(SRS
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-SUMI\/IARY . W

LUI\/\OS A SPE%@GRAPH%D II\/\AGER FOR LUVOIR e

1) IMAGING /. .,_U_LTIOB
2) uv SPECTROSCOPIC P'E’R DEPENDING ON THE
ms ..“
» @ - S
3) DEVELOPMENT ANDI‘-LLGHT SHNG HAP) ENING TODAY TO SUPPORT
SIOMIN THE NEXT DECADE

- LUVOIR-LIKE

kevin.france@colorado.edu



HDI The LUVOIR ngh Defln‘tlon
f Imager

MARCIPOSTMAN (STSCI) gy .

‘ E TELESCOP
4 ["SEIENCE INSTIT




HDI SCIENCE TEAM ", *'P

- ., ' B0
» - . " .
% MARC POSTMAN'=STSCI” DAVE REDDING - JPL
DANIELA CALZETTI — U.- MASS., AMHERST- |, JANE RIGBY - GSFC
. <
~ STEFANO CASERTANO — STSCI .DAVID SCHIMINOVICH — COLUMBIA
DON FIGER - RIT. -~ BRITNEY SCHMIDT — GEORGIA TECH

A

STEVE FFINKELSTEIN — U. TEXAS Auan - VICKY SCOWCROFT - U. BATH, UK
WA@ HARRIS — ARIZONA MIKE SHAO = JPL
TOD LAUER - MOAO ' - WARREN SKIDMORE - TMT .
ILARIA PASCUCCI — ARIZONA KATE WHITAKER — U. MASS.; AMHERST
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Mul’ri—chonhél Instfrument: _ - a® . )

& - . o 9

1) UV-Visible imaging channel (200'— 1000 nm) —@verlap with |
LUMOS instrument bu’r FOV will be >2x 4x larger.. .

2) NIR chcnnel (1000 —,1800 nm) -
3) ‘Each channel will contain a suite of ndi;row (R~50 - 100), m}e‘dium
(R~20 - 40), and broadband (R~3 - 5] filters. Likely also ’ro desire at .

Ieas Tone gnsm/pnsm ophon (R~ 200 - 500)
& !

UVIS array ’ro;be ~2 Gplxels (depends on aperture’) *
« NIR array to be 200 - 400 Mpixels (depends on op%r’rure )

LUVOIR Study is assessing 2 felescope apertures: 9.2m and 14.5m



HDI Ins’rrumen’r RequwemenTs D .

\‘ P
Speciral Bandpass: .= TRy
Target: 200+ 1800 nm . - e

(S’rre’rch QOO —'2500 nm) S i ..
Field-of-View

arget: 2'x 3 (for145m) 4" x 4’ (for-9.2m)"
(Stretch 3' x4 for 14.5m’ 6’ x 6 for92m)

AngulariResquhQn
" Target: Nyquist sampled down to 400 nm (stretch 200 nm) ®

Diffraction limited down to 500 nm (stretch 400 nm)
- WFEE across' FOV < 36 nm ¢
(more details on next slide)

‘.




HDI Instrument Requwemen’rs

Angqur Rés lution conlinuved: . .

Total Pixels | Total Pixels | Number of 8K
HDI EOV Sampling Sampling in UVIS in NIR x 8K Detectors
Aperture Scale (mas) | Scale (mas) Channel Channel Required:
at 400 nm at 1200 nm | (Gigapixels)| (Megapixels UVIS NIR

5.471 16.412 2138 | 36| 4 |
sa7i | t6.412 ss12 | 6] o

| |

4.194 12.582 3639 | 49| 6 |
| | | '
3.470 10.413 132.8
| 145m | 2x3arcmin| 3470 | 10413 | 179 | 1992 [ 28] 4 ||
3.470 10.413 2988 | 42| 6 ||

Telescope

3470 | 10413 | 478 | 5312 | 75| 8 |
|
A L

We will be dééigning a baseline HDI concept using the hi‘gh’ligh’red
parameters for the 14.5 m telescope concept. This design will be
scalable to smaller telescope apertures (e.g., 12m, 9.2m) as well.

+




HDI Instrument Requirements 1P

.
Special Modes™ e X
High-Speed Photometry = .High Precision Astrometry
Temporal Resolution: Astrometric Precision?
Target: 100 msec Target: 5 x 104 pixels
. _4(Stretch: 50 msec)  (Stretch: 10:* pixels)
HSP may notr require _e'fﬁﬂ-r‘e‘FOV 4 High astrometric precision will require*

pixel geometry calibrgtion system
(e.g., Shao et al.) — Ldser interferénce
pattern generated onto focal plane

for absolute high-precision calibration -
of detector and pixel distortions.




HDI Instrument Requirements

“Solar System;,l[naging considerations: ™ |
& Solar blind performance: UV imaging
requires.high red leak rejection (107%)

* Region in array with reduced Sen'éi’rivi’ry
will enable high dynamic range near
bright planetary fargets.

* o g

* Nonssidereal tracking (up to 60 mas/s)

supported.

Detection Threshold

10000

HST

N —
/7 /

Diameter (km)

— Sun Planet Connection —

1000

100
I 7*
P
10 S
+#
/
1

0.1

1 10

100 1000 10000
Distance (au)

-~ < '_é?

LUVOIR

. WA

Dynamics and Weather

HST .

Neptune
200 km at 38 AU

LUVOIR

—




HDI — No’rlonal Design

Achlevmg diffraction-limited performance over desired FOV is
feasible in TMA design _ - -

ST2020 (IDL v.J/K) WFE Map

WFE in nm

025.0-30.0
M 20.0-25.0
[¥15.0-20.0
[110.0-15.0
M 5.0-10.0
0.0-5.0

(utwe) (A) AO4

Pasquale 2008 ATLAST 9.2m

IDL at GSFC in February
Ball. Aerospace for optical design




HDI — Detectors . * +1D

RIT has been developing CMOS detectors that have good sensifigity in
NUVIand in visible. They also exhibit very low read noise.” (# "
Graph credit: D. Figer, RIT
Challenge: ’rhinngd
100 F pio < woss o5, 5 devices don't work
iERetl Cs well af longer
30 wavelengths.

: To avoid needing
60 separate UV and Vis

: channels for HDI, '
: should strive fo
40 : engineer devices

: that get excellent
response from 200 —

g 900 nin
= ﬂ—v/ Also need large

250 300 350 formats (8K x 8K)
wavelength (nm)

. MOSIS_4.35.200.400.jpg




GIGAPIXEL CAMERAS IN SPACE:  #D

* RECENT SPACE HERITAGE:
o, ACS/HST: 16 MEGAPIX (2002)
* KEPLER: 95 MEGKPIX(ZOO?) e ‘
* GalA: 937 MEGAPIX (2013) ok .
® . NEeAR FUTURE SPACE FPA: '

o EUCLID: 604 MecAPIX (~20Q20)

*  WEFIRST: 302 MeGAPIX (~2024)

*“ LUVOIR: 2 GIGAPIX (~2035)

Gigapixels in Space

2010 2020 2030 2040

Year

Gaia Focal Plane Array (937 Mpix)
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HST+ACS/HRC

JWST* (z),H)

o

-

»

JWST+NIRCAM

LUVOIR+HDI

HDST (Vi,H)

LUVOIR+HDI

HDISCIENCE .« 41D

Ultra Faint ... Ultraviolet ... Ultra Precise ... Ultra High Resolution > .

: b
{ E=
p

- -

* Characterize stellar populations To’ﬁ,
* rigorously test star formation thegties
. Measure cosmological parameters with
- well-calibrated distance indicators out

fo the disfance of the Comg Cluster

;

. Explore outer planet atmospheres,

discover and characterize distant
objectsin the solar system

Reveal the impact of the epoch of

reionization on galaxy formation and %

visualize the evolution of galaxies

Map dark matter by .onsuring b’foper '
motions of galaxies =

Astrometric detection of 1005 of
exoEarths —_— ¥



HDI — Exposure Time Calculater HD
(Marc Postman, Jason Tumlinson)

LUVOIR: The Large UltraViolet Optical Infrared Surveyor

High Definition Imager (HDI) ETC

<

Aperture (meters): 14
Exptime (hours): 1
V Magnitude (AB): 30

Template Spectrum % 20

Flat (AB)

t T T t T T T T t T T T T t
500 1000 1500 2000

Wavelength (nm)




SUMMARY =~ =« #D

HDI:=HIGH DEFINITION IMAGER CONCEPT FOR. LUVQIR
-

+1) HIGH- ANGULAR RESOLUTION IMAGER FOR*GENERAL e 8
ASTROPHYSICS ‘COVERING RANGE 200 - 1800 NM. -

qa. NYQUIST SAMPLINGgIMPORTANT FOR OPTIMAL (NOISELESS) IMﬁGE CO-
ADDITION. IMPLIES NEED FOR ~2 GIGAPIXEL ARRAY IN UVIS CHANNEL
AND ~200 MEGAPIXEL ARRAY IN NIR CHANNEL s 3

2)-SPECIAL MODES INCLUDE:

Q. HIEGH ASTROMETRIC PRECISION MODE FOR OBSERVATIONS OF NEARBY
STARS FOR EXOPLA‘NET DETECTION; GALAXY PROPER MOTIONS.

* b. HicH SPEED PHOTPMETRIC MODE FOR OBSERVATIONS OF STELEAR *
¢ PULSATION PHENOMENA AND SOLAR SYSTEM OCCULTATIONS

3) DETECTOR DEVELOPMENTS IN WORK BUT ADDITIONAL %TUDIES o
NEEDED TO ASSESS FEASIBILITY OF GIGAPIXEL ARRAY IN SPACE.




